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2012.04.0Abstract Blood is an important physical clue material encountered in the cases involving physical
violence like murders, assaults, rapes, abortion etc. The examination of bloodstains is of immense
value in reconstruction of the scene of crime and linking a criminal or the victim with the scene of
crime. As criminals now often attempt to clean up the crime scene and it is not known through which
conditions the bloodstain has undergone before analysis. Awide variety of chemicals are used to affect
the nature of bloodstains which poses lot of problems in the analysis of bloodstains. However, the use
of some chemicals may have adverse effects on subsequent examinations and Short Tandem Repeat
(STR) DNA typing and also has been shown to pose potential health hazards. Keeping this aspect in
view, bloodstains have been examined after exposure to luminol and bleaching agent (sodium hypo-
chlorite) in order to assess their effect on the detect ability of serological markers as well as on quality
and quantitative analysis on DNA typing. Our ﬁndings indicated that luminol had no destructive
effect on species tests as well as on elution method for the detection of blood group antigens and does
not have an adverse effect on subsequent DNA typing using PCR.While in case of bleaching agent, it
is concluded that cleaning with bleaching agent gave DNA degradation and it has the most adverse
effect on the ability to obtain complete DNA proﬁles and also on the ABO blood grouping but it
has very little effect on species determination. Hence, positive identiﬁcation in case of bleaching agent
is less accurate and less reliable as compared to standard and luminol reagent.
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031. Introduction
Blood is the most frequently found evidence at the crime scene
in one or the other form. Blood and its stains are quite often
encountered in crime cases like murder, rape and assaults
etc. They are required to be analyzed properly for their nature,
species origin and individual characteristics. In an attempt to
hide evidence, perpetrators can wash and destroy bloodstains,
making them invisible to the naked eye and it is not knownby Elsevier B.V. All rights reserved.
Effect of luminol and bleaching agent on the serological and DNA analysis from bloodstain 55through which conditions the bloodstain has undergone before
analysis. A wide variety of chemicals are used to affect the nat-
ure of bloodstains which poses lot of problems in the analysis
of bloodstains. According to the nature of evidence different
methods have been studied for the extraction of DNA.1–3 Once
biological evidence has been identiﬁed, it is necessary to deter-
mine whether or not it is of human origin and if it is of
non-human origin, then to what species it belongs. After deter-
mining the species origin, then it becomes necessary to deter-
mine to which blood group it belongs.
Luminol (3-aminophthalhydrazide) is currently considered
to be an effective presumptive reagent for detecting latent
blood at the crime scene. This compound has been known
since 1853,4,5 although it was only in 1937 when investigators
proposed its use for detecting blood during criminal investiga-
tions.6–8 Besides using luminol to locate traces of blood, it can
be used to ﬁnd blood stained areas which may have been
washed and to examine large areas for traces of blood in a
short period of time. Luminol can also be used to detect blood
that has ﬂowed between ﬂoor cracks. The luminol reaction is
driven by the peroxidase-like activity of heme.4 Luminol was
prepared using the Grodsky formula. Luminol has certain
operational limitation e.g. luminol reaction must be observed
in as dark as possible.9–11 In the previous research, it has been
shown that luminol had no destructive effect on catalytic
examination, conﬁrmatory tests, species test or elution method
for the detection of blood group antigens12–14 but again noted
that it could seriously affect the electrophoretic typing of en-
zymes.12–15 It has also been shown that following luminol
treatment, DNA can be extracted and subsequently analyzed
using PCR.14,16–21 It has recently been reported that the best
overall presumptive tests were luminol and Bluestar Foren-
sic, because they degraded DNA to a lesser extent and Benzi-
dine had the most critical effect on blood sample DNA,
inducing degradation only hours after treatment.22 With the
development of polymerase chain reaction (PCR) DNA tech-
niques, locating traces of blood at a crime scene using luminol
testing can lead to conclusive PCR DNA results.
Bloodstains have also been deliberately removed from the
crime scene by using a variety of bleaching agents. Hypochlo-
rite is a common component in household bleaches and clean-
ers, which are often used to remove blood from crime scenes.
Cleaning agents not only have the potential to contaminate
the biological material but may also degrade DNA present
thus making the production of a conclusive and reliable proﬁle
difﬁcult.23 However, hypochlorite is volatile and comparably
fast evaporates from a surface.24 Since very little information
is available on the investigations of the effect of luminol and
bleaching agent (sodium hypochlorite) on serological markers
and on quality and quantitative analysis on DNA typing from
bloodstain with reference to Indian context, hence the present
work has been undertaken. It is expected that the studies made
and conclusions drawn will provide useful information to the
forensic experts working in the ﬁeld.
2. Material and methods
2.1. Sample collection
All bloodstains were prepared on white cotton cloth pieces
(previously autoclaved) were cut into squares measuring about
5 cm2. Two drops of blood were collected to the squares ofcloth in the form of stains from 39 individuals by pricking the
ring ﬁnger for species origin test and blood group determina-
tion. These samples were taken in duplicates and allowed to
dry at room temperature in the shade. Out of these duplicates
one set (39 samples) was analyzed for determination of species
origin while the second set (same 39 samples which were taken
in duplicates) was analyzed for ABO blood group determina-
tion. Another 10 blood samples containing about 2 ml of fresh
blood were collected intravenously from different individuals
on the serially marked, previously autoclaved, dry cotton pieces
measuring about 5 cm2 for DNA analysis. Three stains were
prepared in duplicates from ten individuals and one was kept
for luminol treatment, another for bleaching agent and rest
was kept as standard (without treatment of reagent). The blood
stained cloth pieces were allowed to dry at room temperature in
the shade and after drying they were kept for different periods –
15 days and 1–2 months old sample in the serially marked
envelops with the date of collection marked on them, and then
extraction procedure was carried onto them.
2.2. Treatment of samples with reagents
Luminol was prepared according to Grodsky formula (0.5 g
luminol, 3.5 g sodium perborate, 25 g sodium carbonate in
500 ml distilled water). Bleaching agent (sodium hypochlorite)
was purchased from Loba Chemie Pvt. Ltd., Mumbai). All the
previously collected blood samples were treated with luminol
and bleaching agent before conducting the experiment and al-
lowed to dry for 1 h. For serological analysis, treated bloodstains
were analyzed to know the effect of luminol and bleaching agent
upon species determination as well as on ABO blood grouping.
For DNA extraction, 1 · 1 cm2 standard size was cut from each
treated stained cloth piece. Then these samples were used for
conducting the extraction procedure. Standard and one fresh li-
quid sample were also taken which were without any treatment
of reagents during DNA analysis, used as a reference.
2.3. Controls
For all the experiments adequate positive and negative con-
trols of known bloodstains were analyzed along with the un-
known samples. The result of controls and that of test
samples were recorded carefully and accurately.
2.4. Identiﬁcation of bloodstains
Preliminary tests were performed for tentative identiﬁcation of
the blood. The tests performed were:
(a) Phenolphthalein test.
(b) Luminol test.
Conﬁrmatory tests were performed for absolute identiﬁca-
tion of the blood.
(a) Haemin crystal test (Teichmann’s test).
(b) Haemochromogen test (Takayama test).2.5. Determination of species origin
In the present study, pretreated samples were analyzed for
species test by using only one technique that is double
56 N. Passi et al.immunodiffusion in two dimensions (Immunodiffusion). It in-
volves the use of agar plates with wells for both antibodies and
antigens. When a soluble antigen and its antibody contact each
other in solution, the resulting antigen–antibody complexes
may become insoluble and precipitate. The site of the forma-
tion of the precipitin band depends on the diffusion coefﬁcient
of antigen and antibody and not on their relative concentra-
tions. For this, 1% clear agar was prepared. A negative control
was also kept, prepared from extraction of unstained cloth
piece. The Ouchterlony method allows both qualitative and
semi-quantitative evaluation of the reactants.
2.6. Determination of ABO blood grouping
After treating the previously collected samples with luminol
and bleaching agent, they were analyzed for ABO blood group
determination by absorption–elution technique (Kind, 1961).
The blood groups are characterized by the presence of partic-
ular antigenic substances on the surface of the red cells. When
these antigens encounter homologous antibodies, agglutina-
tion may result.
2.7. DNA extraction
The DNA isolated from forensic biological evidences provides
information related to the identiﬁcation of the source. Treated
bloodstains were cut measuring 1 cm2 area from the stained
clothes and put into 1.5 ml eppendorf tubes. This procedure of
cutting 1 cm2 stained area was employed to each stained cloth.
The DNA from treated blood samples were extracted using
the ‘‘Phenol Chloroform organic solvent extraction method’’.
2.7.1. Estimation of quality and quantitation of isolated DNA by
agarose gel electrophoresis and UV spectrophotometery
Gel electrophoresis was employed so as to determine the qual-
ity of DNA extracted. For this, 1% agarose gel was prepared
by dissolving 300 mg in 30 ml of 1· TAE buffer and heated.
Ethidium bromide was used at concentration of 6 ll
EB/30 ml TAE buffer. The DNA sample (4 ll) was mixed with
6· gel loading dye (1 ll) (Bangalore GeNei, India) and was
loaded into the wells of submerged gel. The gel was allowed
to run for half an hour at 100 V and was visualized under
UV Transilluminator. The quality of the DNA was judged
based on whether DNA formed a single high molecular weight
band (good quality) or a smear (poor quality).
The concentration of DNA extracted was assessed using a
UV spectrophotometer at 260 nm and 280 nm. The ratio be-
tween the reading at 260 and 280 nm (OD 260/280) provided
an estimation of purity of DNA. OD280 is corresponding to pro-
tein content. The concentration of DNA extracted can be calcu-
lated from optical density at 260 nm by following formula:
OD260 of 1–50 lg of DNA=mlTable 1 Results of determination of species origin of dried
bloodstains treated with luminol reagent.
Tehnique used No. of samples tested Positive Negative
Double immunodiﬀusion 39 33 6
% Age 100% 84.6% 15.3%2.7.2. Polymerase chain reaction
The polymerase chain reaction (PCR) is a technique for in vitro
ampliﬁcation of speciﬁc DNA sequences. The method is sim-
ple, as the PCR can be performed in a single tube. This method
is extremely rapid; it takes only 3 h to amplify a known se-
quence of interest. One primer sequence of STR loci com-
monly used in forensic genetics named HUMCSF1PO was
selected whose Chromosomal location is 5q33.3-34 and whoseForward sequence is 5’-AAC CTG AGT CTG CCA AGG
ACT AGC-3’.
Reverse sequence is 5’-TTC CAC ACA CCA CTG GCC
ATC TTC-3’.
2.7.2.1. PCR ampliﬁcation. The total volume of 25 ll ampliﬁ-
cation reaction mixture contained 2 ll of deoxynucleoside tri-
phosphates (dNTPs, 200 lm/ll, Bangalore Genei, India),
2.5 ll of commercial 10X Taq buffer A containing 15 mM
MgCl2 (Bangalore GeNei, India), 1 ll of each oligonucleo-
tide primer forward and reverse (10 pm/ll, Euroﬁns Genomics
India Pvt. Ltd., Bangalore), 0.5 ll of TaqDNA polymerase
(3 U/ll; BangaloreGeNei, India), 2.0 ll DNA (30 ng/ll)
and rest part of nuclease free water. The ampliﬁcation was car-
ried out in a thermal cycler (Master Cycler Personal, Eppen-
dorf AG, Germany). The thermal conditions included initial
denaturation at 94 C for 5 min followed by 35 cycle of dena-
turation at 94 C for 45 s, annealing at 55 C for 60 s and
extension at 72 C for 90 s with ﬁnal extension of 10 min at
72 C. The ampliﬁed PCR product was visualized in 1.2% aga-
rose gel containing 0.5 lg/ml ethidium bromide and compared
with 100 bp ladder (Bangalore GeNei; Biozyme, USA). The
gels were visualized and photographed at Gel Doc System
(Biorad, USA).
3. Results and discussion
3.1. Identiﬁcation of blood stains
The preliminary and conﬁrmatory tests were performed to
identify the stains. All the stains were found to be of blood.
3.2. Species determination
The results of species tests in case of luminol treated samples
are given in Table 1 and shown in Fig. 1. It has been observed
that in case of luminol treated samples, white precipitin arc be-
tween antibody and antigen wells were clearly observed.
Among all the samples analyzed, 33 (84.6%) of the samples
out of 39 samples could be correctly typed for species determi-
nation by immunodiffusion technique. These results suggest
that luminol has very little destructive effect toward species
origin tests.
The results of species origin test in case of bleaching treated
samples are given in Table 2 and shown in Fig. 2. It has been
observed that in case of bleaching treated samples, white pre-
cipitin arc between antigen and antibody wells were clearly ob-
served. Among all the samples analyzed, 30 (76.9%) of the
samples out of 39 samples could be correctly typed for species
determination by immunodiffusion technique. These results
suggest that bleaching agent has very little effect on species ori-
gin test.
Figure 1 Showing the results of species origin by immunodiffu-
sion method after treating with luminol.
Table 2 Results of determination of species origin of dried
bloodstains treated with bleaching agent (sodium
hypochlorite).
Tehnique used No. of samples tested Positive Negative
Double immunodiﬀusion 39 30 9
% Age 100% 76.9% 23.07%
Figur 2 Showing results of species origin by immunodiffusion
method after treating with bleaching agent.
Table 3 Results of ABO blood grouping from dried blood-
stains treated with luminol reagent by absorption elution
technique (n= 35).
Blood group No. of samples tested Correct Incorrect
A 10 8 (80) 2 (20)
B 15 12 (80) 3 (20)
O 12 9 (75) 3 (25)
AB 2 2 (100) –
Total 39 (100) 31 (79.4) 8 (20.2)
The ﬁgures in parenthesis indicate percentage.
Figure 3 Showing the results of agglutination in A blood group
samples after treating with luminol reagent by absorption–elution
technique.
Figure 4 Showing the results of agglutination in B blood group
samples after treating with luminol reagent by absorption–elution
technique.
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Table 3 represents the results of effect of luminol reagent on
ABO blood grouping. It is evident from the table that blood
group AB is least common among all. The results suggest that
the effect of luminol reagent on standard blood samples of
blood type A (previously tested directly at the time material
collection) after receiving the application of luminol reagent,
8 (80%) of the samples out of 10 samples could be correctly
typed for blood group A and 2 (20%) of the samples gives
incorrect results as shown in Fig. 3. In case of blood group
B, 12 (80%) of the samples out of 15 could be correctly typed
for blood group B determination and 3 (20%) gives incorrect
results as shown in Fig. 4. In case of blood group O, 9
(75%) of the samples out of 12 could be correctly typed for
blood group O and 3 (25%) gives incorrect results as shown
in Fig. 5. In case of blood group AB, the results (Fig. 6) shows
that frequency of blood group AB is lowest among all. So out
of 2 samples analyzed, all samples could be correctly typed.Few samples gave incorrect results, but the agglutination reac-
tions were comparatively weak as compare to correctly typed
results. Hence it is concluded from our results that luminol
had little effect on ABO blood group determination and to a
large extent, ABO blood grouping can still be determined even
after treatment.
Table 4 represents the results of effect of bleaching reagent
on ABO blood grouping. It is evident from the table that blood
group AB is least common among all. The results suggest that
the effect of bleaching reagent on standard blood samples of
blood type A (previously tested directly at the time material
collection) after receiving the application of bleaching reagent,
8 (80%) of the samples out of 10 could be correctly typed for
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sults. In case of blood group B, 5 (33.3%) of the samples out of
15 samples could be correctly typed for blood group B deter-
mination and 10 (66.6%) gives incorrect results. In case of
blood group O, 2 (16.6%) of the samples out of 12 could be
correctly typed for blood group O and 10 (83.3%) gives incor-
rect results. In case of blood group AB, the results shows that
frequency of blood group AB is lowest among all. So out of
5.1% samples analyzed, 2.5% samples could be correctly
typed. Hence it is concluded from our results that bleaching
reagent had most severe effect on blood group on O followed
by blood group B and least in blood group A i.e. O > B> A.Figure 5 Showing the results of agglutination in O blood group
samples after treating with luminol reagent by absorption–elution
technique.
Figure 6 Showing the results of agglutination in AB blood group
samples after treating with luminol reagent by absorption–elution
technique.
Table 4 Results of ABO blood grouping from dried blood-
stains treated with bleaching agent by absorption elution
technique (n= 35).
Blood group No. of samples tested Correct Incorrect
A 10 8 (80) 2 (20)
B 15 5 (33.3) 10 (66.6)
O 12 2 (16.6) 10 (83.3)
AB 2 1 (50) 1 (50)
Total 39 (100) 16 (41.0) 23(58.9)
The ﬁgures in parenthesis indicate percentage.3.4. DNA extraction
Isolation of good quality of DNA is a prime requirement in all
the molecular genetic analysis. In human, blood is the most
important material available for the isolation of DNA.
3.4.1. Estimation of purity of DNA samples by electrophoresis
The results of agarose gel electrophoresis reveal that in case of
bleaching agent treated samples, it shows the shearing of DNA
which is indicative of degraded DNA while comparatively inte-
grated DNA has been observed in each luminol treated, stan-
dard samples and fresh liquid samples as depicted in Figs. 7–9.
Hence, luminol reagent is better in view of DNA recovery as
compare to bleaching agent. It may be due to the reason that
bleaching agent is a strong oxidizing agent and its effects are
more as compared to luminol.Figure 7 Photograph of the gel showing the results of DNA
bands in standard samples (without any treatment of luminol
reagent) (lanes 1–10 show all standard samples).
Figure 8 Photograph of the gel showing the results of DNA
bands in luminol and bleaching agent treated samples. Lanes
1,3,5,7,9 – show luminol treated samples. Lanes 2,4,6,8,10 – show
bleaching agent treated samples.
Figure 9 Photograph of the gel showing the results of luminol
and bleaching agent treated samples in comparison to fresh liquid
sample. Lanes 1, 3,5,7,9 – show integrated DNA bands in luminol
treated samples. Lanes 2,4,6,8 – show shearing of DNA in
bleaching agent treated samples. Lane 10 – shows integrated DNA
in fresh liquid sample.
Figure 10 Products of ampliﬁed PCR product of 800 bp as
revealed by comparison with 100 bp markers in standard samples.
(‘M’ stands for marker) (lanes 1–10 show all standard samples).
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spectrophotometry
The absorbance of DNA samples at 260 and 280 nm are shown
in Table 5. The analysis of Table 5 depicted the effect of lumi-
nol and bleaching agent on the recovery of DNA. It isTable 5 UV spectrophotometric data for concentration of DNA ex
Sr. No. Sample A260 A280
1 Standard1 0.0895 0.0614
2 Bleaching1 0.0098 0.0123
3 Luminol1 0.0715 0.0703
4 Standard2 0.0798 0.0717
5 Bleaching2 0.0079 0.0111
6 Luminol2 0.0749 0.0708
7 Standard3 0.0846 0.0786
8 Bleach3 0.0101 0.0114
9 Luminol3 0.0789 0.0783
10 Standard4 0.0841 0.0819
11 Bleaching4 0.0117 0.0234
12 Luminol4 0.0798 0.0743
13 Standard5 0.0881 0.0856
14 Bleaching5 0.0089 0.0467
15 Luminol5 0.0793 0.0740
16 Standard6 0.0876 0.0867
17 Bleaching6 0.0123 0.0558
18 Luminol6 0.0849 0.0818
19 Standard7 0.0844 0.0811
20 Bleaching7 0.0118 0.0649
21 Luminol7 0.0839 0.0793
22 Fresh sample1 0.0898 0.0901
23 Standard8 0.0734 0.0742
24 Bleaching8 0.0108 0.0498
25 Luminol8 0.0707 0.0697
26 Standard9 0.0889 0.0891
27 Bleaching9 0.0067 0.0778
28 Luminol9 0.0784 0.0736
29 Standard10 0.0887 0.0878
30 Bleaching10 0.0056 0.0675
31 Luminol10 0.0881 0.0861
Here 1–10 in subscript stands for samples of different individuals.observed that bleaching agent adversely affect the recovery
of integrated DNA from the treated blood cells. Poor yield
has been observed from bleaching agent treated samples as
compared to standard and luminol reagent.
3.4.3. Polymerase chain reaction
The results of PCR ampliﬁcation clearly shows that DNA
recovered from standard blood sample and luminol treatedtracted from treated bloodstain samples.
Ratio at 260/280 Concentration of DNA (lg/ml)
1.457 89.5
0.796 9.8
1.017 71.5
1.112 79.8
0.711 7.9
1.057 74.9
1.076 84.6
0.885 10.1
1.007 78.9
1.026 84.1
0.5 11.7
1.074 79.8
1.029 88.1
0.190 8.9
1.071 79.3
1.010 87.6
0.220 12.3
1.037 84.9
1.040 84.4
0.181 11.8
1.058 83.9
0.996 89.8
0.989 73.4
0.216 10.8
1.014 70.7
0.997 88.9
0.086 6.7
1.065 78.4
1.010 88.7
0.082 5.6
1.023 88.1
Figure 11 Results of ampliﬁed PCR product in between 700 and
800 bp as revealed by comparison with 100 bp marker in luminol
treated samples. (‘M’ stands for marker). Lanes 1–10 show all the
luminol treated samples.
Figure 12 Results of ampliﬁed PCR product in between 100 and
300 bp as revealed by comparison with 100 bp marker in bleaching
agent treated samples (‘M’ stands for marker).
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compared to DNA recovered from bleaching agent treated
cells. Large and integrated DNA has been observed in case
of standard as well as luminol treated samples while short
and smeared PCR product has been observed in case of
bleaching agent treated samples. The size of PCR product of
all the samples has been analyzed by making a comparison
with 100 bp allelic ladder. PCR product in the range of 800–
100 bp has been observed as depicted in Figs. 10–12.4. Conclusion
It is concluded that luminol has least destructive effect on iden-
tiﬁcation, species tests as well as on elution method for the
detection of blood group antigens and does not have an ad-
verse effect on subsequent DNA typing using PCR while in
case of bleaching agent, it is derived that cleaning with bleach-
ing agent gave DNA degradation and it has the most adverse
effect on the ability to obtain complete DNA proﬁles and also
on the ABO blood grouping but it had very little effect on spe-
cies determination. Hence, positive identiﬁcation in case of
bleaching agent is less accurate and less reliable as compare
to standard and luminol reagent even though, still a thorough
investigation is required.Acknowledgements
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